Although fibroblasts are responsible for the production and deposition of extracellular matrix in renal fibrosis, their origin is controversial. Circulating fibroblast precursors may contribute to the pathogenesis of renal fibrosis, but the signaling mechanisms underlying the recruitment of bone marrow-derived fibroblast precursors into the kidney in response to injury are incompletely understood. Here, in the unilateral ureteral obstruction model of renal fibrosis, tubular epithelial cells upregulated the chemokine CXCL16 in obstructed kidneys, and circulating fibroblast precursors expressed the CXCL16 receptor, CXCR6. Compared with wild-type mice, CXCL16-knockout mice accumulated significantly fewer bone marrow-derived fibroblast precursors in obstructed kidneys. CXCL16-knockout mice also exhibited significantly fewer CD45-, collagen I-, and CXCR6-triple-positive fibroblast precursors in injured kidneys. Furthermore, targeted deletion of CXCL16 inhibited myofibroblast activation, reduced collagen deposition, and suppressed expression of collagen I and fibronectin. In conclusion, CXCL16 contributes to the pathogenesis of renal fibrosis by recruiting bone marrow-derived fibroblast precursors.
Renal fibrosis is a hallmark of chronic kidney disease, and the degree of interstitial fibrosis correlates well with the prognosis of kidney disease, regardless of the underlying etiology. 1,2 Furthermore, interstitial fibrosis is a key structural component of obstructive nephropathy, which is the major cause of chronic kidney disease in children. 3 Renal interstitial fibrosis is characterized by massive fibroblast activation and excessive production and deposition of extracellular matrix (ECM), which leads to the destruction and collapse of renal parenchyma and progressive loss of kidney function. Because fibroblasts are the principal effector cells that are responsible for ECM production in the fibrotic kidney, their activation is regarded as a key event in the pathogenesis of renal fibrosis. 4 -6 However, the origin of these fibroblasts remains controversial. They are traditionally thought to arise from resident renal fibroblasts. Recent evidence indicates that they may originate from epithelial/endothelial-to-mesenchymal transition [7] [8] [9] [10] and bone marrow-derived progenitor cells. 7, [11] [12] [13] The bone marrow-derived fibroblast precursor cells termed "fibrocytes" were first identified in the peripheral circulation in 1994. 14 These cells express mesenchymal markers such as collagen I and vimentin and hematopoietic markers such as CD45, CD11b, and CD34. 14 -17 These cells in culture display an adherent, spindle-shape morphology and express ␣-smooth muscle actin (␣-SMA) that is enhanced when cells are treated with TGF-␤1, consistent with the concept that they can differentiate into myofibroblasts. [15] [16] [17] Recent studies have shown that these cells are involved in the pathogenesis of renal fibrosis. 11, 18 However, the molecular mechanisms underlying the recruitment of these cells into injured kidneys are not fully understood.
Chemokines are classified based on the relative position of cysteine residues near the amino terminus into four major families: CC, CXC, C, and CX3C. 19, 20 Chemokines activate their seven-transmembrane G-protein-coupled receptors and play primary roles in mediating the trafficking of circulating cells during inflammation. 21 CXCL16 is a recently discovered cytokine belonging to the CXC chemokine family. 22 There are two forms of CXCL16. The soluble form generated by its cleavage at the cell surface functions as a chemoattractant to recruit circulating cells. The transmembrane form has a transmembrane structure that functions as an adhesion molecule for CXCR6-expressing cells and a scavenger receptor for oxidized LDL.
In this study, we investigated the role of CXCL16 in the recruitment of bone marrow-derived fibroblast precursors into the kidney and renal fibrosis in a well established model of tubulointerstitial injury induced by unilateral ureteral obstruction (UUO) using CXCL16-knockout (KO) mice. Our results show that targeted disruption of CXCl16 prevents the development of renal fibrosis by suppressing fibroblast precursor infiltration into the kidney.
RESULTS

CXCL16 Is Induced in a Mouse Model of Renal Fibrosis
We first characterized the induction of CXCL16 in the kidney in a mouse model of tubulointerstitial fibrosis induced by UUO. Using real-time reverse transcription-PCR (RT-PCR), we found that the mRNA level of CXCL16 was upregulated in a time-dependent manner, reaching Ͼ10-fold increases in injured kidneys compared with that of control kidneys after 5 days of UUO ( Figure 1A ). Of note, CXCL16 mRNA was not detected in CXCL16-KO mice, which confirms the complete gene inactivation of CXCL16 in the KO mice. Serial sections of kidneys stained with anti-CXCL16 antibody revealed that CXCL16 protein was expressed at a low level in epithelial cells in control kidneys and its level was significantly induced in the epithelial cells in obstructed kidneys ( Figure 1B) . Consistent with the immunohistochemical findings, Western blot analysis revealed that the protein levels of CXCL16 were elevated in obstructed kidneys of wild-type (WT) mice compared with control kidneys (Figure 1 , C and D).
CXCL16 Deficiency Impairs Fibroblast Precursor Migration into the Injured Kidney
Bone marrow-derived fibroblast precursors play a critical role in the pathogenesis of tissue fibrosis, and chemokines are involved in the recruitment and differentiation of bone marrow-derived fibroblast precursors. To examine if CXCL16 plays a role in the BASIC RESEARCH www.jasn.org recruitment of bone marrow-derived fibroblast precursors into the obstructed kidney, we used chimeric mice that express green fluorescence protein (GFP) driven by collagen ␣1(I) promoter (CoI-GFP mice). Two months after bone marrow transplantation, chimeric mice were subjected to UUO for 5 days. Bone marrow-derived collagen ␣1(I) promoter-GFP cells were detected in obstructed kidneys but not in the contralateral unobstructed kidneys (Figure 2A ). To further characterize the bone marrow-derived fibroblasts, WT mice were subjected to UUO for 5 days. Immunofluorescence studies using specific antibodies against CD45 and vimentin or CD11b and vimentin were performed on frozen sections of kidneys. Our results showed that CD45 and vimentin dual-positive cells or CD11b and vimentin dual-positive cells accumulated in the kidneys in response to obstructive injury ( Figure 2 , B and C). To quantify the number of fibroblast precursors in injured kidneys, freshly dispersed renal cells were stained for CD45 and vimentin, CD11b and vimentin, CD45 and collagen I, or CD11b and collagen I. Our results confirmed that dual-positive fibroblast precursors were present in injured kidneys, whereas none of these dual-positive fibroblast precursors were observed in control kidneys (Supplemental Figure S1 A through D). We then performed flow cytometry to objectively quantify the number of bone marrow-derived fibroblast precursors in the kidney in response to obstructive injury. WT mice were subjected to UUO for 3, 5, or 7 days. Freshly dispersed renal cells were stained for CD45 and collagen I and examined by flow cytometry. Our results showed that CD45 and collagen I dualpositive fibroblast precursors accumulated in injured kidneys in a time-dependent manner, reaching maximum at day 5 and persisting for at least 7 days (Figure 3, A and B) .
To examine the role of CXCL16 in the recruitment of bone marrow-derived fibroblast precursors into kidneys, WT and CXCL16-KO mice were subjected to obstructive injury for 5 days. Freshly dispersed renal cells were stained for CD45, CD34, and collagen I and examined by flow cytometry. Our results showed that the number of CD45-and collagen-I-positive fibroblast precursors or CD34-and collagen-I-positive fibroblast precursors was markedly increased in the injured kidneys of WT mice, whereas the number of CD45-and collagen-I-positive fibroblast precursors or CD34-and collagen-I-positive fibroblast precursors was significantly reduced in the injured kidneys of CXCL16-KO mice ( Figure 4 , A through D). To determine if deletion of CXCL16 affects the development of circulating fibroblast precursors, peripheral blood nucleated cells were stained for CD45 and collagen I and analyzed by flow cytometry. The results showed that targeted deletion of CXCL16 did not affect the number of CD45 and collagen I dual-positive fibroblast precursors in the peripheral circulation (Supplemental Figure S2, A and B) . These data indicate that CXCL16 mediates the recruitment of bone marrow-derived fibroblast precursors into the kidney in response to obstructive injury.
Bone Marrow-Derived Fibroblast Precursors Express Functional CXCR6
To determine if CXCR6, the only known receptor for CXCL16, is expressed in circulating fibroblast precursors, peripheral blood nucleated cells were stained for CD45, CXCR6, and collagen I. Our results showed CD45, CXCR6, and collagen I triple-positive cells are present in the peripheral circulation ( Figure 5A ). These data indicate that circulating fibroblast precursors express CXCR6.
To examine if CXCR6 is involved in the recruitment of bone marrow-derived fibroblast precursors into the kidney, WT and CXCL16-KO mice were subjected to UUO for 5 days. Freshly dispersed renal cells were stained for CD45, collagen I, and CXCR6 and analyzed by flow cytometry. Our results showed that there was a significant increase in the number of CD45, collagen I, and CXCR6 triple-positive fibroblasts in the injured kidneys of WT mice, whereas the number of these triple-positive fibroblasts was significantly reduced in the injured kidneys of CXCL16-KO mice ( Figure 5 , B and C). Furthermore, over 90% of CD45-and collagen-I-positive fibroblast precursors expressed CXCR6. These data indicate that CXCL16 recruits bone marrow-derived fibroblast precursors into the kidney through interaction with its receptor, CXCR6.
Bone Marrow-Derived Fibroblast Precursors Can Differentiate into Myofibroblasts
To determine if the bone marrow-derived fibroblast precursors are capable of differentiating into myofibroblasts, WT mice were subjected to UUO for different periods of time.
Freshly dispersed renal cells were stained for CD45 and ␣-SMA and analyzed by flow cytometry. Our data showed that CD45 and ␣-SMA dual-positive cells accumulated in the kidneys in a time-dependent manner in response to obstructive injury ( Figure 6 , A and B), indicating that bone marrow-derived fibroblasts are capable of differentiating into myofibroblasts. We next examined if CXCL16 deficiency influences the number of bone marrow-derived myofibroblasts in the kidney in response to injury. Our results revealed that targeted deletion of CXCL16 resulted in a significant reduction in the number of bone marrow-derived myofibroblasts in obstructed kidneys ( Figure 6 , C and D). Consistent with these findings, real-time RT-PCR showed that CXCL16 deficiency significantly reduced the mRNA expression of ␣-SMA compared with the level in WT mice with UUO ( Figure 7A ). These findings were confirmed at the protein levels by immunostaining and Western blot analysis ( Figure 7 , B through E). Therefore, CXCL16 plays an important role in the activation and differentiation of bone marrow-derived fibroblasts.
CXCL16 Deficiency Suppresses Renal Fibrosis
Because CXCL16 regulates the recruitment of bone marrowderived fibroblast precursors into the kidney in response to obstructive injury, we examined if CXCL16 influenced the development of renal fibrosis. WT and CXCL16-KO mice were subjected to UUO for 14 days. WT mice developed significant collagen deposition in obstructed kidneys as demonstrated by picrosirius red staining, whereas these responses were significantly attenuated in the obstructed kidneys of CXCL16-KO mice ( Figure 8, A and B) . These data indicate that CXCL16 plays a critical role in the pathogenesis of renal fibrosis.
We next investigated the effect of targeted disruption of CXCL16 on expression and accumulation of collagen I and fibronectin, two major components of ECM. As shown in Figure 9 , A and B, there was a marked increase in the mRNA levels of collagen I and fibronectin in the obstructed kidneys of WT mice, whereas targeted deletion of CXCL16 signifi- BASIC RESEARCH www.jasn.org cantly suppressed these matrix components in the obstructed kidney. We then examined protein expression in the kidney in response to obstructive injury. There was minimal collagen I and fibronectin protein accumulation in the control kidneys of WT and CXCL16-KO mice. There was a marked increase in collagen I and fibronectin deposition in the obstructed kidneys of WT mice. This response was significantly attenuated in the obstructed kidneys of CXCK16-KO mice ( Figure 9C ). Consistent with the immunohistochemical findings, Western blot analysis confirmed that the protein levels of collagen I and fibronectin were increased in the obstructed kidneys of WT mice. These changes were reduced in the injured kidneys of CXCL16-KO mice ( Figure 9 , D through F). These data indicate that targeted deletion of CXCL16 attenuates renal fibrosis by inhibiting production and deposition of ECM proteins.
DISCUSSION
In this study, we have demonstrated that (1) CXCL16 is induced in the kidney during the pathogenesis of renal fibrosis; (2) bone marrow-derived fibroblast precursors are recruited into the kidney in a CXCL16-dependent manner; (3) fibroblast precursors express the CXCL16 receptor, CXCR6, and targeted disruption of CXCL16 inhibits the recruitment of CD45-, collagen-I-, and CXCR6-positive fibroblast precursors in the kidney; and (4) targeted disruption of CXCL16 reduces the severity of renal fibrosis and the expression of ECM protein. These results indicate that CXCL16 plays a pivotal role in the pathogenesis of renal fibrosis by recruiting bone marrow-derived fibroblast precursors into the kidney in response to obstructive injury.
Renal fibrosis is a hallmark of progressive kidney disease, and tubulointerstitial fibrosis is central to the loss of renal function after kidney injury. However, the origin of the fibroblasts that are responsible for the excessive production of ECM is still the subject of intense debate. Recent reports provide evidence that bone marrowderived fibroblasts are recruited into the kidney and contribute to kidney fibrosis. One study of mismatched kidney transplantation in humans has shown that the proportion of host-derived SMA-positive cells is approximately 30% in allografts undergoing chronic rejection compared with 10% in those without rejection. 12 In rodent models of renal fibrosis, several studies using bone marrow transplantation have shown that bone marrow-derived fibroblasts are present in the kidney in response to injury. 7, 13, [23] [24] [25] For example, one study using bone marrow transplantation of transgenic mice that express enhanced GFP under the control of the fibroblast-specific protein 1 promoter has demonstrated that 15% of bone marrow-derived fibroblasts are present in the kidney 10 days after obstructive injury. 7 Another study using bone marrow transplantation of transgenic rats that express human placental alkaline phosphatase revealed that Ͼ30% of ␣-SMA-positive myofibroblasts are derived from bone marrow 7 days after ischemia-reperfusion injury. 13 Bone marrow-derived fibroblast precursors play a critical role in the pathogenesis of renal fibrosis. 11, 18 These cells express hematopoietic markers such as CD45 and CD11b, stem cell marker CD34, and mesenchymal markers such as collagen I and vimentin. In this study, we have identified that fibroblast precursors accumulate in the kidney after obstructive injury BASIC RESEARCH www.jasn.org using chimeric mice expressing GFP driven by the collagen 1␣(I) promoter and on the basis of their expression of mesenchymal markers such as vimentin and collagen I and hematopoietic markers such as CD45 and CD11b. We then performed flow cytometric analyses to characterize the infiltrating fibroblast precursors on the basis of their expression of collagen I and CD45. Our results demonstrate that CD45 and collagen I dual-positive fibroblast precursors migrate into the injured kidneys of WT mice in a time-dependent manner. The recruitment of CD45 and collagen I dual-positive fibroblast precursors into the kidneys was detected as early as 3 days after obstructive injury. Maximal recruitment of CD45 and collagen I dual-positive fibroblast precursors was observed 5 days after obstructive injury, and the number of infiltrating CD45 and collagen I dual-positive fibroblast precursors appeared to decrease by day 7, which is consistent with the notion that infiltration of circulating fibroblast precursors precedes the development of tissue fibrosis. 11, 26, 27 The signaling mechanisms underlying the recruitment of bone marrow-derived fibroblast precursors into kidney are incompletely understood. Chemokines play an important role in the regulation of fibroblast precursor infiltration in response to injury. Sakai et al. 11 showed that CCL21 and its receptor, CCR7, are involved in the infiltration of fibroblast precursors in the kidney in a murine model of renal fibrosis induced by obstructive injury. Our results show that CXCL16 mRNA is induced in the kidney in response to obstructive injury in a time-dependent manner and CXCL16 protein is upregulated mainly in the kidney epithelial cells in the obstructed kidney. Consistent with our findings, it has been reported that CXCL16 protein is expressed at a low level in epithelial cells in the normal kidney and is upregulated in response to obstructive injury. 28 However, the role of CXCL16 in the pathogenesis of renal fibrosis has not been reported. In this study, we demonstrate for the first time that CXCL16 is pathologically important because targeted disruption of CXCL16 causes a significant decrease in the number of bone marrow-derived fibroblast precursors in the kidney in response to obstructive injury without affecting the development of circulating fibroblast precursors. These data indicate CXCL16 plays a critical role in recruiting bone marrow-derived fibroblast precursors into the kidney.
Fibroblast precursors express certain chemokine receptors such as CCR2, CXCR4, and CCR7, and inhibition of these chemokine receptors has been shown to suppress fibrosis through suppression of fibroblast precursor infiltration into various tissues. 26, 27, 29 In this study, we demonstrate for the first time that bone marrowderived fibroblast precursors express CXCR6, the receptor for CXCL16. CXCR6 was first cloned as an orphan receptor in 1997 30 -32 and was termed STRL33, BONZO, or TYMSTR. It was recently reported that bone marrow-derived mesenchymal stem cells express CXCR6, and these cells demonstrate appreciable chemotactic migration in response to CXCL16. 33 Our results show that targeted disruption of CXCL16 suppresses the infiltration of CD45, CXCR6, and collagen I triplepositive fibroblast precursors into the kidney, suggesting that CXCl16 regulates fibroblast precursor trafficking by an interaction with its receptor, CXCR6. It is noted that targeted disruption of CXCL16 does not completely block the infiltration of CD45, CXCR6, and collagen I triple-positive fibroblast precursors. This can be explained by the observation that bone marrow-derived fibroblast precursors express chemokine receptors other than CXCR6. 17 Indeed, CCR7 has been reported to regulate fibroblast precursor infiltration into the kidney in response to obstructive injury. 11 We demonstrate that bone marrow-derived myofibroblasts identified as CD45 and ␣-SMA dual-positive cells accumulate in the injured kidney of WT mice, whereas their accumulation is significantly reduced in the injured kidney of CXCL16-KO mice. This finding is important because myofibroblast activation is generally considered a key event in the pathogenesis of renal fibrosis. 4 -6 Furthermore, experimental studies have shown that the number of interstitial myofibroblasts correlates closely with the severity of tubulointerstitial fibrosis and the progression of kidney disease. 34, 35 Our results strongly indicate that bone marrow-derived fibroblast precursors are activated in the kidney and may contribute to the population of renal myofibroblasts.
A key marker of renal fibrosis is the dramatic increase and deposition of ECM proteins, including collagen and fibronectin. Morphometric analysis of picrosirius red staining of kidney sections at day 14 after obstructive injury demonstrates the presence of interstitial collagen deposition. This collagen deposition is significantly attenuated in the obstructed kidneys of CXCL16-KO mice. The magnitude of collagen reduction we observed here is similar to that observed in a study of CCR7-KO mice. 11 In keeping up with these findings, we further illustrate that the mRNA and protein levels of collagen I and fibronectin are markedly increased in the injured kidneys of WT mice, whereas these responses are significantly attenuated in the injured kidney of CXCL16-KO mice. In summary, our study defines a novel mechanism by which CXCL16 participates in renal fibrosis. In response to injury, the upregulated CXCL16 leads to the recruitment of circulating fibroblast precursors into the kidney, which contribute to the pathogenesis of renal fibrosis. These data suggest that inhibition of CXCL16 could constitute a novel therapeutic approach for chronic kidney disease.
CONCISE METHODS
Animals
The Institutional Animal Care and Use Committee of the Baylor College of Medicine approved the animal experiments. WT C57BL/6 mice were purchased from the Jackson Laboratory (Bar Harbor, ME). The CXCL16-KO mouse on a background of C57BL/6J was generated by Dr. S. Han. 36 CoI-GFP mice were a generous gift from Dr. D.A. Brenner. 29 WT male C57BL/6J mice or CXCL16-KO mice at 8 to 12 weeks old weighing 20 to 30 g were anesthetized by intraperitoneal injection of ketamine (80 mg/kg) and xylazine (10 mg/kg). Through a flank incision, the left ureter was exposed and completely ligated using fine suture material (4-0 silk) at two points. Mice were allowed to recover from anesthesia and were housed in standard rodent cages with ad libitum access to water and food until sacrificed.
Bone Marrow Transplantation
Bone marrow transplantation was performed as described previously. 27 Briefly, bone marrow cells (5 ϫ 10 6 ) from CoI-GFP mice were transferred to lethally irradiated C57BL/6 mice. Chimeric mice were BASIC RESEARCH www.jasn.org allowed to recuperate for 2 months before induction of kidney injury by UUO.
Renal Morphology
Mice were euthanized and perfused by injections of PBS into the left ventricle of the heart to remove blood. One portion of the renal tissue was fixed in 10% buffered formalin and embedded in paraffin, cut at 4-m thickness, and stained with hematoxylin and eosin for initial evaluation or picrosirius red staining to identify collagen fiber. The picrosirius-red-stained sections were scanned using a microscope equipped with a digital camera (Nikon, Melville, NY), and quantitative evaluation was performed using NIS-Elements Br 3.0 software. The collagen-stained area was calculated as a percentage of the total area.
Immunofluorescence
Renal tissues were embedded in OCT compound and snap-frozen on dry ice, cut at 5-m thickness using a cryostat, mounted on Superfrost Plus microscope slides, and then stored at Ϫ80°C. Sections were fixed in acetone for 10 minutes at room temperature. Nonspecific binding was blocked with protein block, serum free (DAKO). Slides were then incubated with goat anti-CXCL16 antibody (R&D Systems) followed by Alexa-488-conjugated donkey anti-goat antibody (Invitrogen), rabbit anti-collagen I antibody (Rockland) followed by Alexa-488-conjugated donkey anti-rabbit antibody (Invitrogen), rabbit anti-fibronectin antibody (Sigma) followed by Alexa-488-conjugated donkey anti-rabbit antibody (Invitrogen), or FITC-conjugated mouse anti-␣-SMA antibody (Sigma). For double immunofluorescence, renal tissues or cells were fixed and stained with primary antibodies sequentially followed by the appropriate secondary antibodies. Slides were mounted with VECTASHIELD HardSet mounting medium with DAPI. Fluorescence intensity was visualized using a confocal or deconvolution microscope equipped with a digital camera (Nikon, Melville, NY). Quantitative evaluation of sections stained with antibodies to ␣-SMA was performed using NIS-Elements Br 3.0 software. The fluorescencepositive area was calculated as a percentage of the total area.
Cell Isolation and Flow Cytometry
Renal cells were isolated as reported with modification. 11 Briefly, kidney was decapsulated, minced, and incubated at 37°C for 40 minutes in PBS containing 0.5 mg/ml Liberase TM (Roche) and 10 U/ml DNase (Roche). Cells were filtered through a 40-m strainer, rinsed, centrifuged, and resuspended in FACS buffer. Cells (5 ϫ 10 5 ) were incubated with PE-anti-CD34, FITC-anti-CD45 (all from BD Biosciences, San Jose, CA), PE-anti-CXCR6, PE-anti-␣-SMA (R&D systems, Minneapolis, MN), or biotin-anticollagen I (Rockland, Gilbertsville, PA)/streptavidin-APC (BD Biosciences, San Jose, CA). If necessary, cells were fixed and permeabilized using the Cytofix/Cytoperm kit (BD Biosciences, San Jose, CA) BASIC RESEARCH www.jasn.org glyceraldehyde 3-phosphate dehydrogenase (GAPDH) level in each sample. The following are the primer sequences. CXCL16: forward 5Ј-ACCCTT-GTCTCTTGCGTTCTTCCT-3Јandreverse5Ј-ATGTGATCCAAAGTAC-CCTGCGGT-3Ј; collagen I: forward 5Ј-TGCCGCGACCTCAAGAT-GTG-3Ј and reverse 5Ј-CACAAGGGTGCTGTAGGTGA-3Ј; fibronectin: forward 5Ј-CTTCTCCGTGGAGTTTTACCG-3Ј and reverse 5Ј-GCTGT-CAAATTGAATGGTGGTG-3Ј; ␣-SMA: forward 5Ј-ACTGGGACGA-CATGGAAAAG-3Ј and reverse 5Ј-CATCTCCAGAGTCCAGCACA-3Ј; and GAPDH: forward 5Ј-TGCTGAGTATGTCGTGGAGTCTA-3Ј and reverse 5Ј-AGTGGGAGTTGCTGTTGAAATC-3Ј.
Western Blot Analysis
Protein was extracted using radioimmunoprecipitation assay buffer containing cocktail proteinase inhibitors (Sigma) and quantified with a Bio-Rad protein assay. An equal amount of protein was separated on SDS-polyacrylamide gels in a Tris/HCl buffer system, transferred onto nitrocellulose membranes, and blotted according to standard procedures with primary antibodies (CXCL16, collagen I, fibronectin, and ␣-SMA). Membranes were then stripped and reblotted with anti-GAPDH or ␤-actin (Santa Cruz Biotechnology, Santa Cruz, CA). The specific bands of target proteins were visualized by chemiluminescence, and band intensities were quantified using NIH Image/J.
Statistical Analysis
All data were expressed as mean Ϯ SEM. Multiple group comparisons were performed by one-way ANOVA followed by the Bonferroni procedure for comparison of means. Comparison between two groups was analyzed by the two-tailed t test. P Ͻ 0.05 was considered statistically significant.
